. HilD indirectly regulates the expression of grhD1. EMSAs with purified MBP-HilD (0, 0.1, 0.5 and 1 µM) and DNA fragments containing the regulatory region of grhD1 (A) and hilA (B). These DNA fragments correspond to those contained in the grhD1-cat and hilA-cat transcriptional fusions. A DNA fragment containing the regulatory region of sigD was used as a negative internal control. The DNA-protein complexes, which are indicated by an asterisk, were resolved in a nondenaturing 6% polyacrylamide gel and stained with ethidium bromide. Expression of the grhD1-cat (C) and hilA-cat (D) transcriptional fusions, contained in the pgrhD1-cat and philA-cat plasmids, respectively, was tested in the WT E. coli MC4100 strain containing the pK6-HilD plasmid expressing HilD from an arabinose-inducible promoter, or the pMPM-K6Ω vector. CAT specific activity was determined from samples collected of bacterial cultures grown in LB at 37°C. 0.001% L-arabinose was added (+) or not (-) to the medium for inducing the expression of HilD from pK6-HilD. The data are the average of three independent experiments performed in duplicate. Bars represent the standard deviations. Statistically different values are indicated (**, p<0.01; ****, p<0.0001). Figure S2 . The HilD-mediated expression of grhD1 does not require any other regulator encoded in SPI-1, neither RtsA, SsrB or FlhDC. Expression of the grhD1-cat transcriptional fusion contained in the pgrhD1-cat plasmid, was tested in the WT S. Typhimurium strain and its isogenic ∆SPI-1 ∆rtsA mutant containing the pK6-HilD plasmid expressing HilD, or the pMPM-K6Ω vector (A); as well as in the WT S. Typhimurium strain and its isogenic ∆ssrB, ∆flhDC, ∆hilA and ∆invF mutants (B). CAT specific activity was determined from samples collected of bacterial cultures grown in LB at 37°C. The data are the average of three independent experiments performed in duplicate. Bars represent the standard deviations. Statistically different values are indicated (**, p<0.01). Typhimurium strain and isogenic ∆phoP, ∆ompR and ∆slyA mutants grown in LB, acidic PCN medium or ISM, at 37°C (A); as well as in the WT S. Typhimurium strain and its isogenic ∆phoP mutant containing or not the pK3-PhoP plasmid constitutively expressing PhoP, or the pMPM-K3 vector, grown in LB. Whole-cell lysates were prepared from samples of the bacterial cultures and analyzed by Western blotting using monoclonal anti-FLAG antibodies. As a loading control, the expression of GroEL was also detected using polyclonal anti-GroEL antibodies. Figure S4 . PhoP binds to the grhD1 regulatory region. EMSAs with purified PhoP and DNA fragments containing the regulatory regions of the grhD1, ges or orgB genes. 32 P-5'-end-labelled DNA fragments of the respective gene were incubated with increasing concentrations of PhoP-H6 (0, 3 and 6 µM) in the presence (+) or absence (-) of acetyl-phosphate, AcP. The ges and orgB genes were used as negative and positive controls, respectively. The DNA-protein complexes, which are indicated by an asterisk, were resolved in a nondenaturing 8% Tris-borate-EDTA-polyacrylamide gel. After electrophoresis, the gel was dried and analyzed in a Typhoon FLA 7000 IP laser scanner. Figure S5 . H-NS directly represses the expression of grhD1. Expression of the grhD1-cat transcriptional fusion (A) contained in the pgrhD1-cat plasmid was analyzed in the WT S. Typhimurium strain and its isogenic ∆hilD and ∆phoP mutants containing the pT6-HNS-G113D plasmid expressing the dominant negative H-NS G113D mutant, or containing the pMPM-T6Ω vector. CAT specific activity was determined from samples collected of bacterial cultures grown in LB at 37°C. 0.1% L-arabinose was added (+) or not (-) to the medium for inducing the expression of H-NS G113D from pT6-HNS-G113D. The data are the average of three independent experiments performed in duplicate. Bars represent the standard deviations. Statistically different values are indicated (***, p<0.001). EMSAs with purified H-NS-FH (0, 0.25, 0.5, 0.75 and 1 µM) and DNA fragments containing the regulatory region of grhD1 (B) or ssrAB (C). A DNA fragment containing the regulatory region of sigD was used as a negative internal control. The DNA-protein complexes, which are indicated by an asterisk, were resolved in a nondenaturing 6% polyacrylamide gel and stained with ethidium bromide. Typhimurium strain or its isogenic ∆grhD1 mutant strain, containing or not the pK3-GrhD1 or pK3-GrhD1-FLAG plasmids, which express GrhD1 and GrhD1-FLAG proteins, respectively, from a constitutive lac promoter, or containing the pMPM-K3 vector. Invasion was measured by enumerating the intracellular CFUs at 1 h postinfection, using a gentamicin protection assay. Results are the mean of three separate experiments each in triplicate. Bars represent the standard deviations. Statistically different values are indicated (**, p<0.01; ***, p<0.001). Expression of the FLAG-tagged grhD1 gene carried by pK3-GrhD1-FLAG and that located in the chromosome of the WT S. Typhimurium (B), or expression of the FLAG-tagged grhD1 gene located in the chromosome of the WT S. Typhimurium and that inserted in the chromosome of the ∆grhD1 strain (C), was analyzed by Western blotting using anti-FLAG monoclonal antibodies. Whole-cell extracts used in these assays were prepared from samples of bacterial cultures grown in LB at 37°C. As a loading control, the expression of GroEL was also tested using polyclonal antiGroEL antibodies. Figure S9 . Generation of the ∆grhD1 mutant strains and the complemented ∆grhD1 + grhD1-FLAG-kan strain. The ∆grhD1::kan mutant was obtained by replacing grhD1 in the WT S. Typhimurium strain with a kanamycin resistance gene, using the λRed recombinase; then, the kanamycin gene was excised from the ∆grhD1::kan mutant, using the FLP recombinase, to obtain the ∆grhD1 mutant. The complemented ∆grhD1 + grhD1-FLAG-kan strain was obtained by inserting the grhD1-FLAG gene, together with the kanamycin resistance gene in the opposite direction, into the chromosome of the ∆grhD1 mutant, using the λRed recombinase. S12. GrhD1 is not secreted. Detection of GrhD1-FLAG from whole-cell extracts and secreted proteins of the WT S. Typhimurium strain containing the pK3-GrhD1-FLAG plasmid, which expresses GrhD1-FLAG from a constitutive lac promoter (A). Detection of AvrA-FLAG, an effector protein secreted by the T3SS-1, from whole-cell extracts and secreted proteins of the WT S. Typhimurium strain carrying a chromosomal FLAG-tagged avrA gene (B). Samples were prepared from bacterial cultures grown in LB at 37°C and analyzed by Western blot using anti-FLAG monoclonal antibodies. As a control, detection of the cytoplasmic protein GroEL was also tested using polyclonal anti-GroEL antibodies.
Figure S13. GrhD1 is not required for the activity of the T3SS-1 nor for motility. (A) Protein secretion profiles of the WT S.
Typhimurium strain and its isogenic ∆grhD1 and ∆grhD1 + grhD1-FLAG-kan strains. SipA, SipB, SipC and SipD are proteins encoded in SPI-1 and secreted by the T3SS-1. As a control, the ∆hilD mutant, which does not express the SipA-D proteins, was also tested in these assays. FliC is a flagellar protein whose secretion is not SPI-1 dependent. (B) Motility of the WT S. Typhimurium strain and its isogenic ∆grhD1 and ∆grhD1 + grhD1-FLAG-kan strains. The ∆flhDC mutant lacking FlhDC, the central positive regulator for the flagellar genes, was also assessed as a positive control. The strains were inoculated onto LB 0.3% agar plates and incubated at 37°C for 7 h. The distance (mm) migrated by each mutant strain was compared with that of the WT strain, which is represented as the percent with respect to the WT strain. The data are the average from five independent experiments. Bars represent the standard deviations. Statistically different values are indicated (****, p<0.0001). p2795-GrhD1-FLAG p2795 containing grhD1::3XFLAG This study Table S1 . Bacterial strains and plasmids used in this study. The coordinates for the cat fusions are indicated with respect to the primary transcriptional start site reported for each gene. Ap R , ampicillin resistance; Sm R , streptomycin resistance; Kan R , kanamycin resistance. Table S2 . Primers used in this study. RE, restriction-enzyme for which a site was generated in the primer. Underlined letters indicate the respective restrictionenzyme site in the primer. The sequence corresponding to the template plasmids pKD4 or pSUB11 (Table S1 ) is in italic letters.
Strain or plasmid Genotype or description Source or reference --------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Primer Sequence (5'-3') Target gene RE --------------------------------------------------------------------------------------------------------------
